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NEPS Technical Report for Verbal and Nonverbal Reasoning:
Scaling Results of Starting Cohort 8 for Grade 5 in Special
Schools

Abstract

The National Educational Panel Study (NEPS) examines the development of competencies
across the lifespan. To evaluate the quality of the tests administered in the NEPS, several
analyses based on item response theory are conducted. This paper describes the data and
scaling procedures for tests of verbal and nonverbal reasoning abilities that was administered
in Grade 5 of Starting Cohort 8 in special schools. Each subscale consisted of 25 items that
were administered to 212 students (37% girls) from special schools. A Rasch model was
used to scale the data. Item fit statistics, Rasch-homogeneity, and local item independence
were evaluated to ensure the quality of the test. The analyses showed that the items had
satisfactory item fit and good reliability that allowed the estimation of reliable person scores.
Furthermore, analyses of differential item functioning showed comparable measurement
models for the test administered in special schools of Starting Cohort 3 and Starting Cohort 8.
In addition to the scaling results, this report also describes the data available in the scientific
use file.
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1. Introduction

The National Educational Panel Study (NEPS) measures different competencies coherently
across the lifespan. These include, among others, reading competence, mathematical compe-
tence, and domain-general cognitive functioning. An overview of the competencies measured
in the NEPS is given by Weinert et al. (2011) and Ful? et al. (2025). Most of the administered
tests are routinely evaluated using psychometric models based on item response theory (IRT,
see Pohl & Carstensen, 2012).

This report presents the results of these analyses for tests of verbal and nonverbal reason-
ing abilities that were administered in fifth grades of special schools in Starting Cohort 8 (fifth
grade). The following sections first introduce the main concepts of the administered tests and
the test design. Then, the sample is described and the results of various psychometric analyses
are reported that were conducted to check the quality of the test. Finally, an overview of the
data that are available for public use in the scientific use file (SUF) is given.

The analyses summarized in this report are based on the data available at some point prior to
the public data release. Due to ongoing data protection and data cleansing issues, the data
in the SUF may differ slightly from the data used for the analyses in this report. However,
pronounced differences in the presented results are not expected for the final data available in
the SUF.

2. Testing Verbal and Nonverbal Reasoning

Verbal and nonverbal reasoning were assessed with two subscales of the Cognitive Abilities
Test (Heller & Perleth, 2000), a German version of Thorndike’s cognitive abilities test (Thorndike
& Hagen, 1971), that measures acquired reasoning and problem-solving abilities relevant for
learning at school. The subscale vocabulary measuring verbal reasoning included 25 items,
each requiring to identify one out of five words corresponding to a written target word (e.g.,
synonyms). However, Item 20 was not considered in the present analyses because it yielded a
negative discrimination in preliminary analyses (see Gnambs & Nusser, 2024, for similar find-
ings in Starting Cohort 3). The subscale figure classifications measuring nonverbal reasoning
included 25 items, each presenting three or four figures that could be classified according to
a distinct characteristic (e.g., form, shading, position). The students had to identify one out
of five figures that matched the classification of the target stimuli. Because these tests were
developed for general student populations, the study administered test versions that were de-
signed for a younger age group from fourth grade (see Gnambs & Nusser, 2024).

The study was conducted in small groups at the respective schools of the students. The tests
were presented on paper by trained test administrators. The maximum testing time was 7and 9
minutes for the verbal and figural reasoning subtests, respectively. The study assessed different
cognitive domains including reading competence (Gnambs, 2025) and reasoning abilities. The
cognitive abilities test was always presented second after the reading test. There was no multi-
matrix design with respect to the order of the items within the test. All respondents received
the test items in the same order. A comprehensive description of the study design is available
on the NEPS website.!

Thttps://www.neps-data.de
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3. Sample

A total of 212 participants (37% girls) were administered the reasoning test. However, 3 partici-
pants had less than three valid responses to the items of the verbal reasoning subtest. Because
no reliable competence scores can be estimated from such a small number of responses, these
cases were excluded from the psychometric analyses (see Pohl & Carstensen, 2012). There-
fore, the analyses for the verbal reasoning subtest were based on 209 respondents, while the
analyses for the nonverbal reasoning subtest used 212 respondents.

4. Psychometric Analyses

4.1 Missing Responses

Competence data contain different types of missing responses. These are missing responses
due to a) invalid responses, b) omitted items, and c) items that test takers did not reach. Invalid
responses occurred, for example, when two response options were selected although only one
was required. Omitted items occurred when respondents skipped some items. Due to time
constraints or lack of motivation, not all participants completed the test within the allotted
time. All missing responses after the last valid response were coded as not reached.

Missing responses provide information about how well the test worked (e.g., time limits, under-
standing of instructions, dealing with different response formats). Therefore, the occurrence
of missing responses in the test was evaluated to get an idea of how well respondents coped
with the test. Missing responses per item were examined to evaluate how well each of the
items functioned.

4.2 Scaling Model

Iltem and person parameters were estimated using a Rasch (1960) model with Gauss-Hermite
quadrature (21 nodes). In line with the scoring approach recommended by the test authors
(Heller & Perleth, 2000), these analyses scored missing responses as incorrect. A detailed de-
scription of the scaling model can be found in Pohl and Carstensen (2012), while the data avail-
able in the SUF are described in Section 7.

The items of the two subtests consisted of one correct response option and several distractors
(i.e., incorrect response options). The quality of the distractors within the multiple-choice items
was examined to evaluate whether the distractors were predominantly chosen by respondents
with a lower ability rather than by those who gave a correct response. We therefore calculated
the point-biserial correlation between selecting an incorrect response option for a given item
and the total correct score for the remaining items. Negative correlations indicate good dis-
tractors, while correlations between .00 and .05 were considered acceptable and correlations
above .05 were considered problematic distractors (Pohl & Carstensen, 2012).

The fit of the dichotomous items to the Rasch model was evaluated using the WMNSQ_statis-
tic, the respective t-value, and the item characteristic curves (see Pohl & Carstensen, 2012).
Iltems with a WMNSQ > 1.15 (t-value > |6|) were considered to have a noticeable item misfit,
and items with a WMNSQ > 1.20 (t-value > |8]) were considered to have a considerable item
misfit and their performance was investigated further. Correlations of the item score with the
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corrected total score greater than .30 were considered as good, those greater than .20 as ac-
ceptable, and those less than .20 as problematic. The overall judgment of item fit was based
on all fit indicators.

The subtests of the cognitive abilities test were also administered in special schools of Starting
Cohort 3 (see Gnambs & Nusser, 2024). To examine whether the item properties were compa-
rable between cohorts and, thus cognitive scores can be compared between the two cohorts,
differential item functioning (DIF) was investigated. DIF was examined using a multigroup item
response model, in which the main effects of the cohorts as well as the differential effects of the
cohorts on item difficulty were modeled. Based on experience with preliminary data, we con-
sidered absolute differences in estimated difficulties between the cohorts that were greater
than 1 logit as very strong DIF, absolute differences between 0.6 and 1 as considerable and
worthy of further investigation, differences between 0.4 and 0.6 as small but not severe, and
differences less than 0.4 as negligible DIF (Pohl & Carstensen, 2012). In addition, measurement
invariance was examined by comparing the fit of a model that acknowledged DIF to a model
that included only main effects and no DIF using Akaike’s (1974) information criterion (AIC) and
Bayesian information criterion (BIC, Schwarz, 1978).

The subtests of the cognitive abilities tests were scaled using the Rasch model because it pre-
serves the weighting of the different aspects of the framework as intended by the test devel-
opers (Pohl & Carstensen, 2012). Nevertheless, Rasch-homogeneity is an assumption that may
not hold for empirical data. To test the assumption of equal item discrimination parameters,
a two-parametric item response model (Birnbaum, 1968) was also fitted to the data and com-
pared to the Rasch model.

The dimensionality of the test was evaluated by examining the residuals of the Rasch model.
Approximately zero-order correlations, as indicated by Yen’s (1984) Q;, suggest unidimension-
ality. Because the Q; tends to be slightly negative in the case of locally independent items, we
report the corrected Q;, which has an expected value of 0. According to Yen (1993), values of
Q, falling below .20 indicate essential unidimensionality.

4.3 Software

The item response models were estimated with the TAM package version 4.2-21 (Robitzsch et
al., 2024) in R version 4.4.1 (R Core Team, 2024).

5. Results
5.1 Verbal Reasoning

5.1.1 Missing Responses

5.1.1.1 Missing Responses per Person

The number of invalid responses per person is shown in Figure 1. The number of invalid re-
sponses was rather low with 90% of respondents having no invalid responses at all. Only about
3% of respondents had more than one invalid response.

Figure 2 illustrates the number of missing responses when respondents omitted items. The
figure shows that a non-negligible number of items were omitted. Approximately 64% of re-
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Figure 1

Number of Invalid Responses for Verbal Reasoning
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spondents had no omitted items, while 17% exhibited a single omitted item. However, less
than 7% of respondents had five or more omitted items.

Another source of missing responses is items that respondents did not reach because they
aborted the test, for example, due to time constraints or lack of motivation. These missing
values refer to items after the last valid response. As shown in Figure 3, only about 54% of
respondents did not abort the test and were administered all items. However, more than 93%
of the sample received at least 8 items and thus about a third of the total test.

The total number of missing responses, aggregated across invalid, omitted, and not reached
missing responses for each respondent, is shown in Figure 4. Because many respondents did
not reach the end of the test or omitted some items, the total number of missing values was
substantial. The median number of missing responses was 3; only about 35% of the respon-
dents had no missing response at all. AlImost 39% of respondents had more than five missing
responses, while 21% had missing responses for 12 or more items (i.e., almost half of the ad-
ministered items).

Overall, there was a small amount of invalid missing responses, while the percentage of omit-
ted items was reasonable. However, the total number of missing responses was rather large
because many respondents did not reach the end of the test.

5.1.1.2 Missing Responses per ltem

Table 1 provides information on the occurrence of different types of missing responses per item.
Overall, the number of respondents that omitted an item was acceptable. The percentage of
omitted responses per item varied between 0% and 10% (Mdn = 5%). In addition, most items
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Figure 2

Number of Omitted Items for Verbal Reasoning
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Figure 3
Number of Not-Reached Items for Verbal Reasoning
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Figure 4

Total Number of Missing Responses for Verbal Reasoning
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had relatively few invalid responses. The percentage of invalid responses varied across items
between 0% and 3% (Mdn = 1%).

Table 1

Percentage of Missing Responses by Item for Verbal Reasoning

Nr. Item Pos. N oM NR NV
1 vig50101_sc8g5_c 1 199 2.39 0.00 2.39
2 vig50102 sc8g5 ¢ 2 196 5.74 0.48 0.00
3 vig50103_sc8g5_c 3 184 8.61 1.44 1.91
4 vig50104_sc8g5_c 4 193 4.78 1.44 1.44
5 vig50105 sc8g5 ¢ 5 191 5.26 1.44 1.91
6 vig50106_sc8g5_c 6 188 5.74 2.39 1.91
7 vig50107_sc8g5_c 7 187 3.83 3.83 2.87
8 vig50108 sc8g5 ¢ 8 184 5.26 5.26 1.44
9 vig50109 sc8g5 ¢ 9 174 8.13 7.18 1.44
10 vig50110_sc8g5_c 10 175 6.70 8.61 0.96
11 vigh0111_sc8g5_c 11 176 2.87 11.48 1.44
12 vig50112_sc8g5_c 12 171 3.83 13.40 0.96

NEPS Survey Paper No. 119, 2025
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Nr. Item Pos. N oM NR NV
13 vig50113_sc8g5_c 13 162 5.26 15.31 1.91
14 vigh0114_sc8g5_c 14 155 7.18 16.27 2.39
15 vig50115_sc8g5_c 15 146 10.05 19.14 0.96
16 vig50116_sc8g5_c 16 150 4.31 22.97 0.96
17 vigh0117_sc8g5_c 17 142 4.78 26.32 0.96
18 vig50118_sc8g5_c 18 135 5.74 27.75 1.91
19 vig50119_sc8g5_c 19 139 3.35 29.19 0.96
20 vig50121_sc8g5_c 21 127 2.39 35.41 1.44
21 vigh0122_sc8g5_c 22 115 3.35 40.19 1.44
22 vigh0123 sc8g5 ¢ 23 113 1.44 43.06 1.44
23 vig50124_sc8g5_c 24 107 3.35 44.98 0.48
24 vig50125_sc8g5_c 25 113 0.00 45.93 0.00

Note. Pos. = Item position within the test. N = Number of valid responses. NR = Percentage of respondents
that did not reach an item. OM = Percentage of omitted responses. NV = Percentage of invalid responses.

In contrast, there was a substantial number of items that respondents did not reach. The per-
centage of missing responses because participants did not reach an item was Mdn = 14%. The
percentage of respondents not reaching an item increased with the position of the item in the
test (see Figure 5) up to 46%. Because a relatively large number of items was not reached by
respondents, the total number of missing responses per item was also quite large. These varied
between 5% and 49% (Mdn = 20%).

5.1.2 Parameter Estimates

5.1.2.1 Item Parameters

The percentage of correct responses out of all valid responses for each item administered var-
ied between 9.09% and 68.90% and had therefore an appropriate range for the sample (see
Table 2).

The estimated item difficulties are given in Table 2. Item difficulties were estimated by con-
straining the mean of the ability distribution to zero. The estimated item difficulties ranged
from -0.96 (vig50104 sc8g5 c) to 2.68 (vigh0121 sc8g5_c) with a median of 1.33, thus cover-
ing a fairly wide range including both easy and difficult items. Because of the small sample size,
the standard errors (SE) of the estimated item parameters were rather large with a median of
0.17 (Min=0.15, Max = 0.25). The results reported in Table 2 are therefore rather imprecise.
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Figure 5

Item Position not Reached for Verbal Reasoning
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Note. The item on position 20 was excluded due to an unsatisfactory item fit.

Table 2

Item Parameters for Verbal Reasoning

Nr. Item N Percentage Difficulty SE  WMNSQ t ry Q, Discr.
correct
1 vig50101_sc8g5_c 209 61.72 -0.57 0.16 1.03 0.48 0.33 0.05 0.96
2 vig50102_sc8g5_c 209 56.94 -0.33 0.15 1.03 0.59 0.33 0.07 1.05
3 vig50103_sc8g5_c 209 12.92 2.24 0.22 1.05 0.39 0.19 0.06 0.65
4 vig50104_sc8g5_c 209 68.90 -0.96 0.16 0.94 -0.77 0.38 0.06 1.36
5  vig50105_sc8g5_c 209 53.11 -0.15 0.15 0.94 -0.98 0.41 0.09 1.56
6  vig50106_sc8g5_c 209 55.02 -0.24 0.15 0.90 -1.85 0.48 0.08 1.77
7 vig50107_sc8g5_c 209 27.27 1.18 0.17 1.09 111 0.22 0.07 0.66
8  vig50108_sc8g5_c 209 32.54 0.88 0.16 0.90 -1.52 0.48 0.08 1.77
9  vig50109_sc8g5_c 209 25.84 1.27 0.17 1.00 0.05 0.33 0.06 0.97
10  vig50110_sc8g5_c 209 46.41 0.18 0.15 0.92 -1.38 0.46 0.07 1.57
11 vig50111_sc8g5_c 209 27.27 1.18 0.17 0.96 -0.43 0.39 0.07 1.26
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Nr. Item N Percentage Difficulty SE  WMNSQ t ry Q, Discr.
correct
12 vig50112_sc8g5_c 209 20.10 1.65 0.19 0.88 -1.22 0.48 0.09 2.04
13 vig50113_sc8g5_c 209 14.35 211 0.21 1.10 0.80 0.14 0.09 0.34
14 vig50114_sc8g5_c 209 33.01 0.86 0.16 0.91 -1.40 0.47 0.08 1.66
15  vig50115_sc8g5_c 209 16.27 194 0.20 1.03 0.30 0.26 0.08 0.68
16 vig50116_sc8g5_c 209 23.92 1.39 0.18 1.04 0.42 0.28 0.07 0.67
17 vig50117_sc8g5_c 209 26.79 121 0.17 1.00 0.05 0.34 0.07 0.87
18  vig50118_sc8g5_c 209 18.66 1.75 0.19 1.08 0.76 0.22 0.06 0.65
19  vig50119_sc8g5_c 209 16.75 1.90 0.20 1.14 1.17 0.13 0.07 0.33
20 vig50121_sc8g5_c 209 9.09 2.68 0.25 0.96 -0.14 0.25 0.06 0.94
21 vig50122_sc8g5_c 209 11.00 2.45 0.23 1.00 0.02 0.26 0.08 0.79
22 vig50123_sc8g5_c 209 15.31 2.02 0.20 111 0.91 0.12 0.07 0.30
23 vig50124_sc8g5_c 209 16.27 1.94 0.20 1.08 0.64 0.18 0.08 0.37
24 vig50125_sc8g5_c 209 15.79 1.98 0.20 0.93 -0.51 0.37 0.07 1.18

Note. N = Number of observed responses. Difficulty = Item difficulty. SE = Standard error of item parameter. WMNSQ =

Weighted mean square error. t = t-value for WMNSQ. Discr. = Discrimination parameter of a two-parametric item response

model. r;, = Corrected item-total correlation. Q; = Average absolute residual correlation for item (Yen, 1983).

5.1.2.2 Test Targeting and Reliability

Test targeting focuses on comparing the item difficulties with the person abilities to evaluate the
appropriateness of the test for the specific target population. In Figure 6, the item difficulties
of the verbal reasoning items and the ability of the respondents are plotted on the same scale.
The distribution of respondents’ estimated abilities is plotted on the left, while the distribution
of the item difficulties is plotted on the right.

The item difficulties ranged from -0.96 (vig50104_sc8g5 c) to 2.68 (vig50121 sc8g5 c) and
thus covered a rather wide range. The mean of the ability distribution was constrained to be
zero. The variance was estimated to be 1.02, which implies a good differentiation between
respondents. The reliability of the test (EAP/PV reliability = 0.77, WLE reliability = 0.74) was
satisfactory. The median of the category threshold distribution was about 1.33 logits above
the mean person ability distribution. Thus, on average the items were too difficult for the
respondents. There were few easy items. As a result, medium to high proficiencies were mea-
sured relatively accurately, while lower ability estimates had larger standard errors of measure-
ment.
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Figure 6
Test Targeting for Verbal Reasoning
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Note. The distribution of the person abilities in the sample is given on the
left-hand side of the graph. The item difficulties are given on the
right-hand side of the graph, with each number corresponding to
the item numbers given in Table 2.
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5.1.3 Quality of the test

5.1.3.1 Distractor Analyses

To investigate how well the distractors of the multiple-choice items performed, point-biserial
correlations were calculated between each incorrect response (distractor) and the respon-
dents’ total correct scores for the remaining items. The median point-biserial correlation for the
distractors fell at -.10 (Min = -.38, Max = .28) and thus indicated that on average the distractors
worked well. However, particularly for very difficult items some distractors were dispropor-
tionately often selected by high-ability respondents. This led to point-biserial correlations for
some distractors in several items that were positive (e.g., r;, = .28 for vig50123_sc8g5_c). These
results suggest that some items might have been too difficult for the sample.

5.1.3.2 Item Fit

The evaluation of item fit was based on the final scaling model presented above. Over-
all, the item fit was satisfactory (see Table 2). The WMNSQ values ranged from 0.88
(vigh0112 sc8g5 c) to 1.14 (vig5h0119 sc8g5 c), with a median of 1.00. There was no item
with a WMSNQ greater than 1.15. Also, visual inspections of the empirical ICC for the item did
not reveal any pronounced deviation from the expected ICCs. In addition, the correlations of
the correct responses with the total rest scores varied between 0.12 (vig50123_sc8g5_c) and
0.48 (vig50106_sc8g5 c, vigh0108 sc8g5_c, vigh0112 sc8g5 c), with a median of 0.33.

5.1.3.3 Differential Item Functioning

DIF was used to evaluate whether the measurement models were comparable between Start-
ing Cohort 3 (Gnambs & Nusser, 2024) and Starting Cohort 8. The differences between the
estimated item difficulties (on the logit scale) in the different groups are summarized in Ta-
ble 3. The column “SC 3 vs. 8” reports the differences in item difficulties between Starting
Cohort 3 and Starting Cohort 8; a positive value would indicate that the test was more difficult
in Starting Cohort 3, whereas a negative value would indicate that the item was less difficult
in Starting Cohort 3 than in Starting Cohort 8. In addition to examining DIF for each item, an
overall test for DIF was performed by comparing models that allow for DIF with those that only
estimate main effects.

There were 509 respondents from Starting Cohort 3 and 209 respondents from Starting Cohort
8. The small main effect in verbal reasoning between cohorts of 0.30 logits (Cohen’s d = 0.35)
showed slightly higher verbal reasoning abilities in Starting Cohort 3 than in Starting Cohort 8.
There were 2 items with DIF effects greater than 0.60 (vig50108 _sc8g5_c, vig50122 sc8g5_c).
However, an overall test for DIF suggested a better fit for the model without DIF (AIC = 18,330,
BIC = 18,449, number of parameters = 26) compared to a model that also acknowledged po-
tential DIF (AIC = 18,330, BIC = 18,554, number of parameters = 49). These results indicate that
for most items there was no pronounced DIF concerning the starting cohort that might have
biased the parameter estimates.
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Table 3

Differential Item Functioning for Verbal Reasoning

Item SC3vs. 8 Item SC3vs. 8
vigh0101 _sc8g5 ¢ 0.16 ( 0.19) vigh0113 sc8g5 ¢ 0.05 ( 0.06)
vig50102_sc8g5 ¢ 0.16 ( 0.19) vig50114 sc8g5 ¢ 0.22 (0.26)
vig50103_sc8g5 ¢ -0.26 (-0.31) vig50115_sc8g5_c -0.19 (-0.22)
vig50104_sc8g5_c -0.01 (-0.01) vig50116_sc8g5_c -0.37 (-0.44)
vig50105_sc8g5 ¢ -0.01 (-0.01) vig50117_sc8g5 ¢ -0.32 (-0.38)
vig50106_sc8g5_c 0.00 ( 0.00) vig50118 sc8g5 ¢ 0.45( 0.53)
vig50107_sc8g5_c -0.05 (-0.06) vig50119 sc8g5_c 0.06 ( 0.07)
vigh0108 sc8g5 ¢ 0.74 (0.87) vigh0121 sc8g5 ¢ 0.19(0.22)
vig50109 sc8g5 ¢ -0.06 (-0.07) vig50122 sc8g5 ¢ -0.64 (-0.75)
vig50110_sc8g5_c -0.06 (-0.07) vig50123_sc8g5 ¢ -0.22 (-0.26)
vig50111_sc8g5_c 0.42 ( 0.50) vig50124_sc8g5 ¢ -0.15 (-0.18)
vigh0112 sc8g5 ¢ 0.28 (0.33) vig50125 sc8g5 ¢ 0.39(0.46)

e osom e oos

Note. SC = starting cohort. Raw differences between item difficulties (in logits) with standardized
differences (Cohen’s d) in parentheses.

5.1.3.4 Rasch-homogeneity

An essential assumption of the Rasch (1960) model is that all item discrimination parameters
are equal. To test this assumption, a two-parametric item response model (Birnbaum, 1968)
was fitted to the data to estimate the discrimination parameters. The estimated discrimination
parameters differed moderately between items (see Table 2). The median discrimination pa-
rameter fell at 0.95 (Min = 0.30, Max = 2.04). Model fit indices suggested a comparable fit of
the Rasch model (AIC = 5,025, BIC =5,109, number of parameters = 25) and the two-parametric
item response model (AIC = 4,998, BIC = 5,158, number of parameters = 48). For this reason
and in line with the theoretical concepts underlying the test construction (see Heller & Per-
leth, 2000), the Rasch model was chosen as the scaling model in order to preserve the item
weightings as intended in the theoretical framework.

5.1.3.5 Dimensionality

The dimensionality of the test was investigated by evaluating the correlations between
the residuals of the Rasch model. The adjusted Q; statistics (see Table 2) were quite
low (Mdn = 0.07) - the largest absolute residual correlation was 0.09 (vig50105_ sc8g5 c,
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vig50112_sc8g5_c, vigh0113_sc8g5_c). Overall, these results indicate an essentially unidi-
mensional test.

5.2 Nonverbal Reasoning

5.2.1 Missing Responses

5.2.1.1 Missing Responses per Person

The number of invalid responses per person is shown in Figure 7. The number of invalid re-
sponses was rather low with 96% of respondents having no invalid responses at all. Only about
1% of respondents had more than one invalid response.

Figure 7

Number of Invalid Responses for Nonverbal Reasoning
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Figure 8 illustrates the number of missing responses when respondents omitted items. The
figure shows approximately 78% of respondents had no omitted items, while 14% exhibited a
single omitted item. However, less than 1% of respondents had five or more omitted items.

As shown in Figure 9, about 92% of respondents did not abort the test and were administered
all items. Notably, the entire sample received at least 8 items and thus about a third of the
total test.

The total number of missing responses, aggregated across invalid, omitted, and not reached
missing responses for each respondent, is shown in Figure 10. Because most respondents
reached the end of the test and did not omit any items, the total number of missing values was
rather low. The median number of missing responses was 0 and about 70% of the respondents
had no missing response at all. Only 4% of respondents had more than five missing responses,
while 1% had missing responses for 12 or more items (i.e., almost half of the administered
items).
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Figure 8

Number of Omitted Items for Nonverbal Reasoning
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Figure 9
Number of Not-Reached Items for Nonverbal Reasoning
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Figure 10
Total Number of Missing Responses for Nonverbal Reasoning
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Overall, there was a small amount of invalid missing responses or items that were omitted.
Because most respondents reached the end of the test, also the total number of missing re-
sponses was rather small.

5.2.1.2 Missing Responses per ltem

Table 4 provides information on the occurrence of different types of missing responses per item.
Overall, the number of respondents that omitted an item was acceptable. The percentage of
omitted responses per item varied between 0% and 7% (Mdn = 1%). In addition, most items
had relatively few invalid responses. The percentage of invalid responses varied across items
between 0% and 1% (Mdn = 0%).

The percentage of missing responses because participants did not reach an item was Mdn =
1%. The percentage of respondents not reaching an item slightly increased with the position
of the item in the test (see Figure 11) up to 8%. Because of the few invalid, omitted, and
not-reached responses, the total number of missing responses per item was also small. These
varied between 0% and 10% (Mdn = 2%).

Table 4
Percentage of Missing Responses by Item for Nonverbal Reasoning

Nr. Item Pos. N oM NR NV
1 nig50101_sc8g5 ¢ 1 208 1.42 0.00 0.47
2 nig50102_sc8g5_c¢ 2 208 0.94 0.00 0.94
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Nr. Item Pos. N oM NR NV
3 nig50103_sc8g5_c 3 207 2.36 0.00 0.00
4 nig50104_sc8g5 ¢ 4 208 1.42 0.00 0.47
5 nig50105 sc8g5 ¢ 5 209 1.42 0.00 0.00
6 nig50106_sc8g5_c 6 208 1.42 0.47 0.00
7 nig50107_sc8g5_c 7 195 7.08 0.47 0.47
8 nig50108 sc8g5 ¢ 8 207 1.42 0.47 0.47
9 nig50109_sc8g5_c 9 211 0.00 0.47 0.00
10 nig50110_sc8g5_c 10 210 0.00 0.47 0.47
11 nig50111_sc8g5_c 11 207 1.89 0.47 0.00
12 nigh0112 sc8g5 c 12 207 1.42 0.47 0.47
13 nig50113_sc8g5_c 13 208 0.94 0.94 0.00
14 nig50114_sc8g5_c 14 205 1.42 0.94 0.94
15 nig50115_sc8g5 ¢ 15 209 0.47 0.94 0.00
16 nig50116_sc8g5_c 16 201 4.25 0.94 0.00
17 nig50117_sc8g5_c 17 207 0.94 0.94 0.47
18 nig50118 sc8g5_c 18 204 2.83 0.94 0.00
19 nigh0119 sc8g5 ¢ 19 207 0.94 1.42 0.00

20 nig50120_sc8g5_c 20 206 0.47 2.36 0.00

21 nig50121 sc8g5 ¢ 21 194 1.89 6.60 0.00

22 nig50122_sc8g5 ¢ 22 195 0.94 7.08 0.00

23 nig50123_sc8g5_c 23 190 3.30 7.08 0.00

24 nig50124_sc8g5_c 24 192 0.94 7.55 0.94

25 nig50125_sc8g5_c 25 194 0.00 8.49 0.00

Note. Pos. = Item position within the test. N = Number of valid responses. NR = Percentage of
respondents that did not reach an item. OM = Percentage of omitted responses. NV = Percentage of
invalid responses.

5.2.2 Parameter Estimates

5.2.2.1 Item Parameters

The percentage of correct responses out of all valid responses for each item administered var-
ied between 8.96% and 95.28% and had therefore an appropriate range for the sample (see
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Figure 11

Item Position not Reached for Nonverbal Reasoning
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Table 5). Because there was a non-negligible amount of missing responses, these probabilities
cannot be interpreted as an index of item difficulty.

The estimated item difficulties are given in Table 5. Item difficulties were estimated by con-
straining the mean of the ability distribution to zero. The estimated item difficulties ranged
from -3.47 (nig50101_sc8g5 _c) to 2.75 (nig50125 sc8g5 c) with a median of -1.43, thus cover-
ing a fairly wide range including both easy and difficult items. Because of the small sample size,
the standard errors (SE) of the estimated item parameters were rather large with a median of
0.18 (Min =0.15, Max = 0.33). The results reported in Table 5 are therefore rather imprecise.

Table 5

Item Parameters for Nonverbal Reasoning

Nr. Item N Percentage Difficulty SE  WMNSQ t ry Q, Discr.
correct
1  nig50101_sc8g5_c 212 95.28 -3.47 0.33 1.01 0.12 0.22 0.08 1.39
2 nig50102_sc8g5 c 212 87.74 -2.34 0.22 1.05 0.40 0.23 0.07 0.93
3 nig50103_sc8g5_c 212 84.43 -2.03 0.20 0.98 -0.08 0.32 0.06 1.28
4 nig50104_sc8g5_c 212 87.74 -2.34 0.22 1.07 0.53 0.18 0.07 0.54
5  nig50105_sc8g5_c 212 82.55 -1.87 0.19 1.08 0.76 0.22 0.07 0.46
6  nig50106_sc8g5_c 212 94.34 -3.26 0.31 0.96 -0.07 0.22 0.07 1.00
7 nig50107_sc8g5_c 212 81.60 -1.80 0.19 1.06 0.54 0.24 0.09 0.57
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Nr. Item N Percentage Difficulty SE  WMNSQ t ry Q, Discr.
correct
8  nig50108_sc8g5_c 212 88.68 -2.44 0.23 1.02 0.17 0.23 0.07 0.77
9  nig50109_sc8g5_c 212 81.60 -1.80 0.19 1.14 1.24 0.13 0.07 0.35
10 nig50110_sc8g5_c 212 82.08 -1.84 0.19 0.96 -0.29 0.37 0.09 1.67
11 nig50111_sc8g5_c 212 68.40 -0.95 0.16 0.85 -2.28 0.55 0.12 2.82
12 nig50112_sc8g5_c 212 64.62 -0.75 0.16 1.02 0.29 0.35 0.06 0.81
13 nig50113_sc8g5_c 212 76.42 -1.43 0.18 0.98 -0.14 0.36 0.06 1.10
14 nig50114_sc8g5_c 212 69.81 -1.03 0.16 0.81 -2.69 0.59 0.14 3.85
15 nig50115_sc8g5_c 212 78.30 -1.56 0.18 1.09 0.96 0.21 0.07 0.52
16 nig50116_sc8g5_c 212 48.58 0.06 0.15 1.06 1.07 0.32 0.06 0.66
17 nig50117_sc8g5_c 212 45.28 0.22 0.15 1.01 0.24 0.37 0.08 1.19
18  nig50118_sc8g5_c 212 78.30 -1.56 0.18 1.20 1.98 0.07 0.07 0.11
19  nig50119_sc8g5_c 212 49.06 0.04 0.15 0.90 -1.76 0.50 0.08 1.69
20 nig50120_sc8g5_c 212 61.79 -0.60 0.16 0.96 -0.67 0.43 0.06 1.37
21 nig50121_sc8g5_c 212 54.72 -0.24 0.15 0.88 -2.07 0.51 0.07 1.59
22 nig50122_sc8g5_c 212 57.08 -0.36 0.15 0.85 -2.71 0.56 0.09 2.14
23 nig50123_sc8g5_c 212 43.87 0.30 0.15 0.94 -0.95 0.44 0.05 1.34
24 nig50124_sc8g5_c 212 47.17 0.13 0.15 111 1.89 0.25 0.05 0.68
25  nig50125_sc8g5_c 212 8.96 2.75 0.25 1.07 0.41 0.14 0.04 0.60

Note. N = Number of observed responses. Difficulty = Item difficulty. SE = Standard error of item parameter. WMNSQ =

Weighted mean square error. t = t-value for WMNSQ. Discr. = Discrimination parameter of a two-parametric item response

model. r;, = Corrected item-total correlation. Q; = Average absolute residual correlation for item (Yen, 1983).

5.2.2.2 Test Targeting and Reliability

Figure 12 plots the item difficulties of the nonverbal reasoning items and the ability of the
respondents. The distribution of respondents’ estimated abilities is plotted on the left, while
the distribution of the item difficulties is plotted on the right.

The item difficulties ranged from -3.47 (nig50101_sc8g5 _c) to 2.75 (nig50125_sc8g5_c) and
thus covered a rather wide range. The mean of the ability distribution was constrained to
be zero. The variance was estimated to be 1.12, which implies a good differentiation between
respondents. The reliability of the test (EAP/PV reliability = 0.79, WLE reliability = 0.76) was sat-
isfactory. The median of the category threshold distribution was about -1.44 logits below the
mean person ability distribution. Thus, on average the items were too easy for the respondents.
There were few difficult items. As a result, low to medium proficiencies were measured rela-
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Figure 12

Test Targeting for Nonverbal Reasoning
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tively accurately, while higher ability estimates had larger standard errors of measurement.
5.2.3 Quality of the test

5.2.3.1 Distractor Analyses

To investigate how well the distractors of the multiple-choice items performed, point-biserial
correlations were calculated between each incorrect response (distractor) and the respon-
dents’ total correct scores for the remaining items. The median point-biserial correlation for
the distractors fell at -.09 (Min =-.35, Max = .15) and thus indicated that on average the distrac-
tors worked well. Again, some items included distractors that were disproportionately often
selected by high-ability respondents. This led to point-biserial correlations for some distractors
that were positive (e.g., r;, = .15 for nig50117_sc8g5_c). However, this was observed for rather
few items.

5.2.3.2 Item Fit

The evaluation of item fit was based on the final scaling model presented above. Over-
all, the item fit was satisfactory (see Table 5). The WMNSQ values ranged from 0.81
(nigh0114_sc8g5 c) to 1.20 (nig50118 sc8g5 c), with a median of 1.01. There was 1 item
with a WMNSQ greater than 1.15 (nig50118 sc8g5 c ), while none of them had a WMNSQ
greater than 1.20. Also, visual inspections of the empirical ICC for the item did not reveal
any pronounced deviation from the expected ICCs. In addition, the correlations of the
correct responses with the total rest scores varied between 0.07 (nig50118 sc8g5_c) and 0.59
(nig50114_sc8g5_c), with a median of 0.32.

5.2.3.3 Differential Item Functioning

DIF was used to evaluate whether the measurement models were comparable between Start-
ing Cohort 3 (Gnambs & Nusser, 2024) and Starting Cohort 8. The differences between the
estimated item difficulties (on the logit scale) in the different groups are summarized in Ta-
ble 6.

There were 510 respondents from Starting Cohort 3 and 212 respondents from Starting Cohort
8. The small main effect in nonverbal reasoning between cohorts of -0.49 logits (Cohen’s
d = -0.45) showed higher nonverbal reasoning abilities in Starting Cohort 8 than in Starting
Cohort 3. Non-negligible DIF effects exceeding 0.60 logits were observed for 6 items, with
3 of them exhibiting DIF greater than 1.00 logits (nig50111 sc8g5 ¢, nig50115 sc8g5 c,
nig50125_sc8g5_c). However, an overall test for DIF suggested a comparable fit for the model
without DIF (AIC = 18,881, BIC = 19,004, number of parameters = 27) as a model that also
acknowledged potential DIF (AIC = 18,774, BIC = 19,007, number of parameters = 51). These
results suggest that the DIF effects were estimated rather imprecisely and, overall, DIF did not
seem to be pronounced. Therefore, it is unlikely that systematic DIF concerning the starting
cohort might bias cross-cohort comparisons.
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Table 6
Differential Item Functioning for Nonverbal Reasoning

Item SC3vs. 8 Item SC3vs. 8
nig50101 _sc8g5 ¢ 0.15(0.14) nigb0114 sc8g5 ¢ -0.68 (-0.62)
nig50102_sc8g5 ¢ -0.21 (-0.19) nig50115 sc8g5 ¢ 1.12 (1.03)
nig50103_sc8g5 ¢ -0.32 (-0.29) nig50116_sc8g5 ¢ -0.04 (-0.04)
nig50104_sc8g5_c 0.23(0.21) nig50117_sc8g5_c 0.17 (0.16)
nig50105_sc8g5 ¢ 0.68 (0.62) nig50118 sc8g5 ¢ 0.33(0.30)
nig50106_sc8g5 _c 0.25(0.23) nig50119 sc8g5 ¢ -0.28 (-0.26)
nig50107_sc8g5 _c 0.33(0.30) nig50120 sc8g5 ¢ 0.13(0.12)
nig50108 sc8g5 ¢ 0.63(0.58) nigb0121 sc8g5 ¢ 0.07 ( 0.06)
nig50109 sc8g5 ¢ 0.14 ( 0.13) nig50122 sc8g5 ¢ -0.43 (-0.39)
nig50110_sc8g5 ¢ 0.20( 0.18) nig50123 sc8g5 ¢ -0.33 (-0.30)
nig50111_sc8g5_c -1.33 (-1.22) nig50124 sc8g5 _c 0.11(0.10)
nig50112 sc8g5 ¢ 0.36 (0.33) nig50125 sc8g5 ¢ 1.38(1.27)
nig50113_sc8g5 ¢ 0.11(0.10)

I(woinrffj:) 0.49-0.45) (Ma:\r/:a::feecftfen:t)del) 0.48(-0.45)

Note. SC = starting cohort. Raw differences between item difficulties (in logits) with standardized
differences (Cohen’s d) in parentheses.

5.2.3.4 Rasch-homogeneity

An essential assumption of the Rasch (1960) model is that all item discrimination parameters
are equal. To test this assumption, a two-parametric item response model (Birnbaum, 1968)
was fitted to the data to estimate the discrimination parameters. The estimated discrimination
parameters differed moderately between items (see Table 5). The median discrimination pa-
rameter fell at 1.00 (Min = 0.11, Max = 3.85). Model fit indices suggested a comparable fit of
the Rasch model (AIC=5,164, BIC =5,252, number of parameters = 26) and the two-parametric
item response model (AIC = 5,080, BIC = 5,248, number of parameters = 50). For this reason
and in line with the theoretical concepts underlying the test construction (see Heller & Per-
leth, 2000), the Rasch model was chosen as the scaling model in order to preserve the item
weightings as intended in the theoretical framework.

5.2.3.5 Dimensionality

The dimensionality of the test was investigated by evaluating the correlations between the
residuals of the Rasch model. The adjusted Q; statistics (see Table 5) were quite low (Mdn =
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0.07) - the largest absolute residual correlation was 0.14 (nig50114_sc8g5_c). Overall, these
results indicate an essentially unidimensional test.

6. Discussion

The analyses in the previous sections provide information on the quality of two subscales of
the Cognitive Abilities Test (Heller & Perleth, 2000) measuring verbal and nonverbal reasoning
abilities that were administered in special schools of Starting Cohort 8 of the NEPS. Different
types of missing responses were examined, item fit statistics and item characteristic curves
were evaluated, and item discriminations were investigated. Further quality inspections were
conducted by testing Rasch-homogeneity. Several criteria indicated a good fit of the items.
Also, the number of missing values was not excessive and fell in line with missing rates in com-
parable samples.

The verbal reasoning subtest was better targeted at medium- to high-ability respondents be-
cause few items were available that could adequately discriminate in the lower proficiency
range. In contrast, the nonverbal reasoning subtest was better targeted at low- to medium-
ability respondents because it lacked difficult items. As a result, ability estimates for the verbal
subtest were more accurate for high-performing respondents, while for the nonverbal sub-
test, the respective ability estimates were more accurate for low-ability respondents. Overall,
however, the subtests had satisfactory reliabilities and adequately discriminated between re-
spondents.

Analyses of differential item functioning identified several items that had different difficulties
in Starting Cohort 3 and Starting Cohort 8, more so, in the nonverbal reasoning subtest than
the verbal reasoning subtest. However, overall model evaluations in both cases favored models
that ignored potential DIF effects. Therefore, it can be reasoned that the point estimates of DIF
were rather imprecise resulting from the small sample sizes.

In conclusion, the two scales had satisfactory psychometric properties that allowed the esti-
mation of unidimensional reasoning scores for the participants in special schools.

7. Data in the Scientific Use Files

7.1 Naming Conventions

The SUF for the starting cohort contains 25 items for each subtest that are scored dichoto-
mously with 0 indicating an incorrect response and 1 indicating a correct response. Further
details on the naming conventions of the variables can be found in Ful? et al. (2025).

7.2 Cognitive Ability Scores

In the SUF, manifest cognitive ability scores for both subtests are provided in the form of WLEs
(vig5_scl, nig5_scl) including their respective standard errors (vig5_sc2, nig5_sc2). For the
verbal subtest scores, only 24 items were considered in these analyses (see Section 2). The
person abilities were estimated in a single model including respondents from special schools
in Starting Cohort 3 (Gnambs & Nusser, 2024) and Starting Cohort 8. As a result, the WLEs can
be used to compare the two cohorts. In addition, the SUF also provides sum scores (vig5_sc3,
nig5_sc3) based on 25 items for each subtest (as suggested by the test authors, see Heller &
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Perleth, 2000). No person scores were estimated for respondents who did not participate in
the test or who did not provide enough valid responses. The values of the scores for these
persons are denoted as not-determinable missing values.
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